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SUMMARY

1. Objective and Importance of Research

The International Mobile Telecommunication (IMT-2000) is
representative of the 3rd generation of digital mobile communication
systems currently being developed. Enabling technologies for these
systems include high performance Radio Frequency(RF) components,
such as antenna and integrated circuit (RFIC) chip sets. Handset
terminals (cellular phones) are the highest-volume applications existing
today. Universal demands on handsets exist for small size, light
weight, and higher levels of integration, independent of the types of
commercial applications and operating frequencies. The use of
multi-layer substrate in a hybrid microwave IC from or built as part
of a monolithic microwave IC structure seems most adequate to
achieve the small size and high integration. In a compact RF
component, integration of the antenna with RFIC's (power amplifiers
and low -noise amplifier) is a very attractive possibility to reduce size
and weight of the handsets for IMT -2000 systems.

In this research, the internal chip antenna, power amplifiers, and low
noise amplifiers have been developed for the integration chip antenna
with RFIC's.

2. Contents and Scope of Research

A. Design and fabrication of RFIC's (power amplifier and
low noise amplifier)
- Parameter extraction for equivalent circuit elements of
microwave transistors
- Linear and non-linear analysis of microwave transistors

» Circuit design of power amplifiers and low-noise amplifiers



using a nonlinear RF circuit simulator (Libra of HP-EEsof)
» Fabrication of hybrid power amplifiers and low noise amplifiers
» RF characterization for the fabricated power amplifiers and
low noise amplifiers
» Design goals

<Power Amplifier>

Frequency Band 1920 -1980 MHz
Output Power (Pi-as) 27 dBm
Liniear Gain 25 dB
Powe Added Efficiency 40%
Intercept Point of IMs
40 dBm
(OIPs)

<Low Noise Amplifier>

Frequency Band 2110 - 2170 MHz
Liniear Gain 30 dB
Noise Figure 15 dB

Intercept Point of IMs
(OIPs)

10 dBm

B. Design and fabrication of a compact dielectric chip antenna with
microstrip feeding and coplanar feeding
» Parameter study of meander lines
» Three-dimensional analysis of high frequency characteristics
using EM simulation for the understanding of elaborate passive

devices and matched structures



» Research of antenna property in real mock-up structures
» Research of the merits and demerits of feeding structure such
as coplanar and microstrip feedings

» Design goal

1920 -1980 MHz(T x)
2110 -2170 MHz(Rx)

Bandwidth Rate 3% for both of Tx and Rx

Frequency Band

C. Fabrication and characterization of an integration chip antenna
with RFIC's
» Research of impedance matching between an antenna and
RFIC's using multi-layer feeding line and a duplexer
» Research of minimizing techniques in coupling loss of a

integration chip antenna

3. Research Results

A. Performance of a prototype PHEMT hybrid power amplifier for
handsets of IMT -2000

Frequency Band 1920- 1980 MHz
Output Power >254 dBm
Linear Gain >21 dB
Power Added Efficiency >22%
OIPs 36 dBm




B. Performance of a prototype PHEMT hybrid low noise amplifier
for handsets of IMT -2000

Frequency Band 2110- 2170 MHz
Noise Figure <15 dB
Linear Gain >29 dB

OIPs 20 dBm

C. Performance of a prototype coplanar excited internal chip
antenna for IMT - 2000

Tx : 1910 - 2050 MHz (7%)
Rx : 2030 - 2250 MHz (10.3%)
Gain about 15 dBi

Frequency Band

» Radiation pattern of the only chip antenna is different from that
of integrated antenna. This result seems to be due to the

different current distribution on ground plane

4. Applications and Expected Contribution

» Automotive radar, ITS system, military system applications.
» Low-cost packaging technology
» Basic technology for active antennas for microwave and

millimeterwave bands
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Resonant frequency Impedance bandwidth
a b/ 2 d
DWM Simulation | measure | DWM | Simulation | measure
25GHz 2.35-2.358 | 2.72-2.74
(a) | 10mm | 5mm | 10mm 2.354GHz | 2.73GHz | 0.39%
(6.2% error) (0.33%) (0.7%)
2.06GHz 1913-1.924 | 2.12-2.136
(b) | 15mm | 5mm | 15mm 1918GHz | 2.13GHz | 0.45%
(74% error) (0.6%) (0.7%)
1.87GHz 1682-1.695 | 1.55-1.56
(c) [20mm | 5mm | 20mm 169GHz | 1.555GHz | 0.58%
(10.6%error) (0.6%)
< 22> (a)- (c) ,
( )
< 2-2> 8%
a b2 q Resonant frequency Impedance bandwidth
DWM Simulation DWM Simulation
29 GHz 0.65%
(d) /120 mm |5 mm | 5 mm 3.04 GHz 04%.
(46% error) (3.03-3.05 GH2z)
254 GHz 1%
) |15 mm|5 mm|5mm 27 GHz 0.46%
(5.9% error) (268-2.71 GHZz)
24 GHz 0.7%
(f) 120 mm |5 mm | 5 mm 26 GHz 0.54%
(76% error) (251-2.69 GH2z)
< 23 (d)- (f) )
( )
< 2-3> 10 d) )
(d) () d , a
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a
DWM Simulation| DWM Simulation
2 GHz 05%
()| 10 mm |5 mm | 25 mm 194 GHz | 061%
(3% error) (1.935- 1.945 GHz)
2 GHz 0.6%
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2 GHz 0.7%
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(10% error) (181- 1827 GHz)
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=30 = .. *
2 L] Eimljlatinn

{ a— Thick
-5+ i & Thin
-5 T T T T T T 1

16 1.7 18 1.4 240 21 2.2 2.3 24 25

Frequeancy [GHz]

2-23> IMT-2000 (Using reflector)



Simulation

M easurement

T hick

Thin

174 - 2 GHz
(260 MHz:13.9%)

BW

189 - 229 GHz
(400 MHZz:19.1%)

193 - 231 GHz
(380 MHz:17.9%)

2-11> IMT-2000

(Using reflector)

2- 24> < 2- 12> , IMT -2000
—_ 15 - L
% L} ]
2 T
£ 204 3 E =— Simulation
E i) - . - Thick
" Thim
- |
0 — LY
:5 : T T T T L ] 1 1
{7 18 19 2 11 £ 2.4 8 i

< 2-24> |MT -2000

Frequency [GHz]

(Using reflector)

Simulation

M easurement

T hick

Thin

19 - 225 GHz
(350 MHZz:16.9%)

BW

222 - 239 GHz
(170 MHZz:7 4%)

223 - 242 GHz
(190 MHz:8.2%)

2-12> IMT-2000

2- 25> < 2-13>

(Using reflector)

, IMT - 2000



< 2-25> |MT -2000

Magnitude [dB]

& — Simulation
& — Thick
Thin

Fraquancy [GHz]

(Using reflector)

Simulation

M easurement

T hick

Thin

BW

189 - 2.23 GHz
(340 MHz:16.5%)

2 - 234 GHz
(340 MHz:15.7%)

205 - 2.14 GHz(90 MHz)
221 - 2.37 GHz(160 MHz)

< 2-13> IMT-2000

< 2- 26>
Co- pol
E-plane

E-plane

<

(Using reflector)

Microstrip line

2-27>

Co-planar

H-plane

, H-plane

, H-plane



(Co-pd)



:’.l..

-
H'p

CO

- >



3 RFIC 2

(IMT - 2000) RFIC
Excdlics Semiconductor HEMT ( : EPA480C- 100F)
< 3-1>
[ = = =E A Y ]
[ s=zxzwmx | 1.92 - 1.98 ciz )
( Pi-de ) 27 dBm )
EEEEEERE 40 %
[ azmeas 25 dB ]
( IPa )( 40 dBm )

< 3-1> RFIC
< 31>

AB

(multi- stage)

[15]



DC , S

. HP-EEsof

Libra , S

1 Power HEMT
1. HEMT

Excdlics
EPA480C- 100F) . EPA480C- 100F
x 240 y m’ 20 finger (
. < 31> HEMT

< 3-1> (c) HEMT -

| roe|— e

"‘" & B o m"‘ _-':_
T8 )|

IO

A AL
L] B R
==
(@) HEMT

1

RF
fitting

HEMT (
, 05
= 05 x 4800 p )

La]

(b)

HEMT



EPA480C-100F (134-3)

ids {mA)

Vs (V)

(c) Power HEMT (EPA 480C- 100F) -
< 3-1> Power HEMT ,

2. HEMT

(power transistor)

GaAs FET, HEMT , HBT (Heterojunction Bipolar Transistor)

Curtice- cubic ,

GaAs FET
M aterka-

Statz- Pucel , Triguint-own :
HP Root T able- based

DC -

Curtice-quadratic :

Kacprzak
[16],

AC Statz- Pucel



HEMT

Statz- Pucel DC

AC [17]
.DC

lg = B(Vge- Vi)*(L+ AVytanh(aVye) - - - - - (3-1)

B : (transconductance)

A (drain conductance)

a:

JFET MOSFET
- (VDS: Esatx L, L
) (Esat)

las = Z Ve V2&aNg (V (- Vit Vg) - V(- Vgt Vg) ) - - (3-2)

Z
Ve : (built-in potential)
(3-2) Vr
VGS
(3-2)
(3-2)

lgs & B(Vgs- V)? - - - (3-3)



JFET (Junction Field Effect Transistor)

Ves - Vr =0
(3-2) . (3-2)
__B(Vg- Vy)°
|ds - 1+ b(gvgs_ VT) """ (3'4)
(tail)
IDS'VGS (3_4) B b
/
b : (3-4)
(3-1) tanh
. Statz-Pucel p
tanh
P = 1 - (1_ %)n,nzz 3 o (3_5)
(VDs>n/(1) tanh 1 . Vos =0
a tanh(aVos)
GaAs DC
B(V s” \ )2 aV
les = 74 b(gvgs- TvT) {1' (1- TDS)}(“ AVps) - - - (3-6a)

for 0 < Vos < Ja

| B(Vys- Vi)'
® 714 b(Ves- Vi)

(1+ AVps) for Vos > Ja - - - (3-6b)



[18]- [21]

. GaAs .
GaAs
. Van der Zi€
FET . Cos Vos
, Vos
. Vos=0 Coeo Ces ) Vos Ceo
0
Van der Ziel
Ces Cop
Van der Ziel , Vbs
Vs Vobs
. Statz- Pucel
Qes U2
- QGS ,
AQgs = Qg(Vgs + AVgs,’ng) - Qg(Vgs’ng) - T (3'73.)
Vs Vobs Vs, Vobs ,

Vs C



1
AQgs = _Z(Qg(vgs + AVgSngd + Ang) - Qg(Vgs’ng + Ang)

+ Qg( Vgs + A Vgs’ ng) - Qg( Vgs’ ng) ) """ (3_ 7b)
Qoo
Adi - _;-(Qg(vgs + AVgS’ ng + Ang) ) Qg(Vgs* ng + Ang)
+ Qg( Vgs’ ng + A ng) - Qg( Vgs’ ng) ) ______ (3- 7C)

(3-7b)  (3-7¢)

, Vs
Veo (3-7b) (3-7c)
Qo
AQg = AQgs + Adi
= Qg(Vgs + AVgangd + Ang) - Qg(Vgs’ng) - (3_8)
Vs
Qs = 2CeaVa(l- |[1- %) + CouVee - - - - (3-99)
Vds>>0 'ng>>'Vgs . (3'98.) y CgsO
- , VB 1
ngo - . VGS:O,
VGD:O O Vgs
(Vds<<0)
(3-9a)

Vg

Qq = 2CgqVa(Ll- | 1- )

+ ngOVgs -0 T T (3-9b)
Vds<<0 'ng<<'Vgs
(3-9a) (3-9b) (transition) Vos=0 Vei=Ves
Qg - ) -



C - ng - Cgso
gs d Vs \/1_ Ve
Vg
dQ, _ o
Cga = AV, Cgag0 - - - -
dQy _
Cys = AV, Cyao
C = —CLdQ = —L El
gd dng . vV s
1 - ;LVB
(3- 10)
Vds:O Cgs ng
Vds:O

(3-92) (3-9b)

\Y
Q = 2CuVe(l- | 1- —1%) + ConVar

('Veffl) ('Vgs) ('ng)
2
Veffl = _;{Vgs + ng + \/ (Vgs' ng)2+ A }
1 2
Ve = _2{ Vgs + ng \/ ( Vgs' ng)2 + A
=0 zero
(3-11) - : -
Cgs - —C"L_l 1 + Vgs Vzgd
1- M 2 \/(Vgs' ng) + A

Ve

(3- 11)

, (- Vi)

(3- 12a)

(3- 12b)



dqn Vgs -V .- -
+ Con {1 T A2} (3- 13a)
C - Cgso _1 1 - Vgs - ng
o Vg 2 \/(Vgs- ng)2+ A?
1- —y
B
1 Vgs -V .- -
+ Cyuy {1 ¥ T AZ} (3- 13b)
, Vgs ng
Qo 3-11) ((3-12
(3-2) (3-6) "Vos=1/a"
=1/ a
(3-13a) Cos
- VGS
- Cgso
Va
(3-7)-
(3- 13) » Vern Ve 0
Veffl Vmax
. Vmax
Gummel-Poon
Vmax VB
PN
, Veffl VB -

. Veff1>Vmax

Qs



Vmax Veffl Vmax
Qg = Cgso VB(]-' V 1- VB ) + v + ngOVeffZ
\/1' Ve
fOI’ Veff 12 V max - - - = = = (3' 14)
FET , -
Cs O
(3-12), (3-13)
() Statz- Pucel V new
) Vetr1 , Vr
, Vnew ('Veffl) ('VT) (3' 12)
VFIEW
Vnew = —{Vuu + Vi + V (Ve- V)7+ &} - - (3-15)
5 (3- 15)
(3-11) Ve -
gsO effl - VT
,/ Vnew { V(Ver- Vo)°+ & }
» L4 Vos = Vo
2 V (Vg Vo) i+ (Ua)?
1 Vgs - ng
+ CygoH5Jd1 - - 3-16
o 2{ V(Vger Vgo)'+ (1/a)2} (3-10)
C - gsO L effl - VT
o Vnew { V (V- Vi)l+ 8 }

L 1 - Vgs - ng
2 V (Vge- Vyo) 2+ (U a)?



1 Vgs - ng
Cogo—=Jd1 - - 3-17
' 9‘“’2{ "V (Ve vgd)2+(1/a)2} (3-17)

(3' 14) Veffl (3' 15) Vnew Veff1>Vm ax Qg
Ves , Vos (3-16)  Cys ,
Cgs VGS
, Vs Vo Cos )
Zero . Css
, Vos . < 3-6>
Statz- Pucel [22].
C
Igd Z
PN s
L,
<2
CQgd Crt L
Rg -
oo 1we(]) Lo
G 3
Ac
Qgs
i S Rin | S
lgs 3 Rs
5|

< 3-2> Statz-Puced

HEMT

HEMT -V

< 3-2> Ves =



-09V, Vos =3V ) , Statz- Pucel

DC DC
Statz- Pucel ,
Statz- Pucel
AC :
DC AC
, Statz- Pucel
AC
Statz- Pucel
(< 3-1(a)>)
HEMT (< 3-1(b)>) Statz- Pucel
, lead
S
1
[23] S fitting

. < 3-3> < 3- 1> (b)
HEMT



part=1

]

AR
_Wap
L1=0.11
L2=0, 4

QALMSFET

FET1

AREA =30
MODEL=FET2
MOQE=nonlinanr

C=0,15
STATZ = =
FET2
BETA=0O . 36 |5=1.C0a—-14 Riz=D. 45 COS=1.60a—11 EG=1.48
wTo=1,10 H=1 F3=0,70 CGS=+4.008—13 vTDTC=0
ALPHA=, 20 VB I=0,Bd FIN=10 COD=4,60a—14 BETATGE=D
LAWBDA=D_41  Fo=D_&b 0GE0=1_0be—13  kKF=0 FFE=1
THETa=3, 54 FC=D CELO=2,.00e—13  aF=i
TAlU=| . 20&—11 CRF=1 OELTA =3, 20 THOM=2 T
wER=14 RD=0_ 30 DELT=1=0. 30 *T1=3
< 3-3> HEMT
3-4> -
3-5> S S
Vos = 3V, Ios = 140 mA
3-5> (192 198 GHz) HEMT
2000. 0 Binel
&
b
T -0, TH
-0, %
-0, 2%
= ]
F 5] ' e "7‘“1—.' )
I [ T RN (o S e —— 1}
1000 . D .
.I r".
EF A —— 1 B i
.'I. e
500, O i o
?I ] = I S —1]
i,
o
. g S - 2 s o g L
s B.D
BiaaZ2 2.0 JDIV

3-4>

Power HEMT

S



ST1&Z22 @ Vds=

(a)

Frequency 1.8 to 2.0 GHz

3 ¥,
Sll
3-5> 19-2.0 GHz

Ves = -09V, Vos =30V)

GHz
40 %
matching)

(conjugate)

17 dB

, 20 dBm

I da= 14G mA

SZZ

Frequency 1% ta Z.0 GHr
S21&512 B Vdz= F W,

—pg®

he
=0

lde= 1403 mA

(b) S Sw
s
s
2
(los = 140 MA,
1 [23]
3-6> PHEMT 2
192-1.98
26 dBm,
(power
31 dBm

(interstage matching)



< 3-6>

10.2, = 0.635 mm (Duroid)
50Q 06 mm
RF , DC
GHz A /4
< 3-7> 2
GHz S 33 dB ,
(return loss) 195 GHz
192 198 GHz 7 dB
< 3-8> 2
< 3-9> . 195 GHz
31 dBm 38 %
0 dBm 192-198 GHz
29 dBm : 32 %
< 3-10> two-tone OIP:(3
P1.as one-tone
dB OIPs

3 dB

195
Choke Call

. 192 198
+ 1 dB
21 dB :

0 dBm
. < 3-8>

37 dBm



fTH
Il“

=
B ...

primn = P
] o

s = e

[y

Fregquency 1.9 to 2.0 GH:
Two—stage aomp. @ VWds= 3 V

(a) . S S22




3.0
P—t | Gwax
3604 e
™
5.0 -P"FJE'__'\__\__\_“"‘-\... l""-
i e |3
. ,
So1 3, \
oo -
\\ \
31.0 b8
.ll_l I 1.
CiEi 1.80 2.00
Frequency .02 CHz/DIV
Two—-atage amp. & Vds= 3 W
(b) Gmax Sax
< 3-7> 2
280 .
@ 1.95 GHz
30.0 | 5o,
Pout/
25.0 f/j{/ fﬂ 4,
/PAE
20,0 /2( a0,
15.0 )2/ 20
1.0 / 1.
a-e—f“”’-/e/
il —25.0 I E) CaP

3-8> 2

Fower 5.0 dBm/DIV




32,

314

S0,

29.

28 .

D

2e.

[ ]

1.90 2.00 |
Fregquency .02 GHz/DIV
3-9> 2
QIPs A
e
= /
E -___.-' .I(
e i v
il - _'_|H
i
& - B "5
.-""-'-' ' }
TP .:’/,ﬁ’o
L ouT
e po
¢ ys
4 IM3
b i
4]
I|'
l'll
{
0
|'I.
l’|II
Jlll.-
=10.0 B0

3-10> 2

Power 5.0 dBm/DIV

OIPs

n



2 PHEMT

1.
(1x 05 mm?)
Murata (1x 05 mm?) . 10.2,
= 0635 mm, = 0.0178 mm
< 3- 11> 2
2 . < 3-11 (a)> 2
, < 3-11 (b),(c)>
< 3-12> 2
15 x 24
cm? 1x 2 cm?

I T & T = O VEG |
: ] [T o T | 3 Bi 3
AP - S o o U ) [ e
oo & cH
LT B e o il [ e - 10 o W
oC o0 to |l o S Lo S
" . 5 e = |8 -
AF_outpt ] gl oo | O &
' La o Td g
WL & B || 2
o o Raly | ——
onc "EE‘J:‘ )
— 84 J Iﬁ
{ | L
VDD
ol 0% ]

(@ 2



(mm) (mm) Q)
L1 4 06 50
L2 23 06 50
L3 14 06 50
L4 24 06 50
L5 56 06 50
L6 114 06 50
B1 6 06 50
B2 6 06 50
B3 13 0.3 75
B4 13 0.3 75
(b)
(pF) (Q)

C1 30 R1 500
C2 3 R2 2.5k
C3 1000 R3 2.7k
C4 3 R4 500
C5 3

C6 1000

C7 1000

C8 1000

C9 2

C10 30

<

(c)

3-11>




RF

IMT - 2000 2
< 3-13>(a), (b) . one-tone
test 1 1 ,
RF RF
, two-tone test 2,
RF < 3- 13(b)>



Sensar Meter
[. -
— = ——
Signal | I
Ganerator Directional
Coupler e
bcpn“r-
Supply
Power Fu;“r
Mater Sensor
._ _. \ldl 7 :
Spectrum - :
Analyzer Attenuator R—
Coupler
(a) one-tone test
Fower Power
Sensor Meter
i R ,
' .
e j—
Signal L
Generator =81 pirectional
o Test ZIG
DC Power
Supply
Power Pﬂwr 2
Meter il
" wan i ; .
Spectrum Jl" L :
Analyzer tenuator =
Coupler

(b) two-tone test

3-13> RF

IMT - 2000



(192 198 GHz) -30 dBm
30 dBm
-20 dBm
< 3-13> RF 2
RF ,
3-2>, < 3-3>
- 20 dB - 20.65 dB 0.65 dB
- 10 dB - 1057 dB 0.64 dB
0 dB - 0.66 dB 0.66 dB
5 dB 434 dB 0.66 dB
10 dB 9.31 dB 0.69 dB
0.66 dB
< 3-2>
0 dB - 2117 dB 2051 dB
5 dB - 1624 dB 2058 dB
10 dB - 1123 dB 2054 dB
2054 dB
< 33> ( 20 dB
< 3-2> 195 GHz

)



0.66 dB

0.66 dB
. < 3-3> , 20 dB
2054 dB
2054 dB
3.
HP Network Analyzer(8510C) Power meter 2
Ves =-08V, Vos =3V
< 3-14 16> IMT-2000 (192- 1.98 GHz)
2
21 dB : 500
MHz 28 dB :
< 3- 16>

< 3-14> 2



D, IO GHE

2 IAONOARAD OHT

3-17 19>
dBm (PldB )

192-1.98 GHz

BRMIRYER 3

1482133

i MO
14:@7:28

Sll
254
22%

254 dBm



30 T T T T T T T T T T T T T T T T T )
P1dB=25 54dBm -
PAE=23% Lot | %
o4 Gain=22dB P
% J
; VAR £
g /
d o P
10 et - 41570
Kl i J f
Fi
g x’l - 10
o bl /.'
HT
..-_-'D-' '.’ i
g -
O o
~107 tictncuiiiiiiiii“""‘ 40
T T T T T ] T T
-35 -30 -25 -20 -16 =10 5 L] 5 10
Y HHE
< 3-17> 2 (@ 192 GHz)
an T | T T T T T 30
FP1dB=25.44dBm e
PAE=23% L 425
2[} = GEiﬂZEEGE _rjE f.
Ju g [
- F) =1 20
o _|:|‘j III.-.
| vt J_|_|'|J_:J—] f
z e b 115 4
il | ,__JT“—IJ_; ™ %
i = J ]
_.ﬂ s 10
] _J.l'_'j f
. & # le
-
o~ o’
_ o
EL coscscsssssssassse®®’ 40
T 'I T [ T I T 1 Li r i I L I T ] Ll
=35 =30 =25 =20 <15 =10 -5 0 = 10
2l g8
< 3-18> 2 (@ 195 GH2z)



m I T 1 T 'I T r T [ T l T I T r Ll I T j T 1 T I L] r T I T j T I L I T I T 1 T I m
1 P1dB=25.41dBm = 1
PAE=22 9% P - 125
20 Gain=21dB .4 "
el
h o !r 4120 ¢
a /A
ey . m
10 ot i
g 15
| 4 IJE 1
1 = )"
_ i
; e .,' 10
ol ././ |
- i=g ' 45
v ,,’
l_'l:I - p
10 ene®
aea et et ad Rl <40
| L LS LR LN R L LR R L RN R NLEE LA L L LT WL LA ML |
323028 -26-24-22 -2018-16-14-12-10 8 6 4 2 0 2 4 B
2 HH
3-19> 2 . (@ 198 GH2z)
26 9 4
. Pin=2dBm
i i 5
oe + Pin=4dBm
| Pin=3dBm
24
b/ B i v Pin=2dBm
— 54
&l i
o 4 Pin=1dBm
oz &
i » Fin=0dBm
-
a1 " » Pin=-1dBm
] [ ]
m_
T T T . T T T r T T T T T
182 183 1.94 185 1,86 1.97 198
> rl e
K e =

< 3-20> 2



1 P
- -r-l-'-rff‘. : ,."f
E r-'l" P
r'-r‘ -
R | ¢ i 4~ -
% . ._'-l'l o Pout = F
i ‘4"
I‘_Ti_ﬂ_ ‘.P".‘
o4 7 Ps
—/ A
ar ol
1 L]
ki v
: ]
]
- ' | . | T ' ]
D 6 1 5 0
TR E
< 3-21> 2 OIPs
two-tone test . <
3-13>(b) 2 : fi1
= 1945 GHz, f- = 1955 GHz IMs(1.94 GHz, 1.96
GHz )
< 3-21> two-tone OIPs(3 )

36 dBm . 4 dB



4

[24].

HEMT

RF

trade- of f [25]

[26].

Vos =3V, Ve =-1V, lIos =20 mA

<

( )l = =AY ]
( =X ED & ) | 211 - 2.17 aHz )
( R ) < 1.5dB )
[ dzo0s ) > 30dB )
[ osme=zs | + 1dB )
( IPs ) > 10 dBm ]

4-1> RFIC

PHEMT
HP ATF-35143 PHEMT
Statz

[27].

4- 1>



i

i1

di 0 SLET Ble | EEER T
Bt By BETET e
Et:_l ja-..l-lllll E::_.
e o : e
| L, g, s B, £, IA
T iﬂ.
el < “; Ak .:‘E"‘ﬂ"ﬁ-:v T:E
< 4- 1> HEMT
Beta =0.1 FC =0.35 KF =0 VBR =5 EG = 0.7
VTO = -0.95 Rc = 250 AF =1 Is = 1le-09 VTOTC =0
Alpha = 4 CRF 0.1 TNOM = 27 N =1 BETATCE =0
Lambda = 0.09 RD =15 XTI =1 VBI = 0.7 FFE =1
Theta = 0.3 RG =7 Deltal = 0.3 RIN =1 CGS = 7.1e-13
Tau = 5e-12 RS =045 Delta2 = 0.2 CDS = 18e-13| CGD = 6.2e-14
< 4-2> HP ATF-35143 HEMT

[32].

4- 2>

(Fmin)




. < 4- 3>

[26].
EHHM S 2 H &5
o 1 & A Zso @] 1| & A Zio
ey 1 i o— =4
sz | ° geelz
Source BISE Ls
< 4- 2>
£ gel
T oEEMEE
elme A
o| S ge|
T amasy

BoEA




(HP  ATF-35143)

30 dB : 2
oPT ,
[28, 29, 30].
1.
) ) / )
[ opt
(Fmin)
isolator
: [26]. isolator
, 90° hybrid
(18x 12 mm?)
’ (Fmin)
< 4-4> PHEMT
Su I opr . < 4-3>
Gmax, Fmin

1.1 nH



i 3
e
A )(_’: e ]-1 i ',
? ; AN e

4

III I rh"' "l -h""-,a ]

3o g.a S, P
o “f [ Er%"[DInH}EJP 1 </'

\ ,,J\\ AL L=%
i)

N
L ' ___r'f /‘I
N % / N 51 i W
-3, B *;‘-—H—Lﬁ{}f—s.u
] e
Frequency 2,11 la 2.17 GHz
< 4-4> Ls PHEMT (ATF-35143) T oer Su
Su [ oer Gnax (dB)| Fnin (dB)
mag ang mag ang
L= 0.846 76.2028 0.6632 39.6359 18.17 0.29
L=0.1 0.7813 74.2983 0.6587 39.8092 18.25 0.29
L=03 0.6806 68.9903 0.6496 40.1522 18.08 0.29
L=05 0.6445 62.3185 0.6403 40.4896 1758 0.29
L=0.7 0.5766 55.1630 0.6307 40.8201 17.00 0.29
L=09 0.5599 48.3004 0.6209 41.1425 16.17 0.29
L=11 05576 42.2109 0.6109 414553 149 0.29
L=13 0.5646 37.0666 0.6006 41.7570 14.14 0.28
L=15 05770 32.8364 0.5902 42.0459 13.68 0.28
< 4-3> S * [N oet
2.14 GHz [ orr( 064 405 )

. < 4-5>
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Wi | ‘.E,ﬂ _-l mifa b 8B Bkhas, S0
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ufi L=, | ey w,
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E g ] IR s S S
o wimp R g=9,13
Latoz | | Fio0-%a ; |
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ALt :
wg@biymi i Ehe 5§ LAk = all_ e | AR
o3 [N ey ia
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Parameter

Specification @ 25

TX
Pass Band 1920 - 1980 MHz
Pass Band Insertion Loss 2.3 dB max
Pass Band Return Loss(@ Tx) 10.0 dB min
Attenuation @ 2110 - 2170 MHz 450 dB min
@ 3840 - 3960 MHz 10.0 dB min
@ 5760 - 5940 MHz 5.0 dB min
Rx
Pass Band 2110 - 2170 MHz
Pass Band Insertion Loss 25 dB max
Pass Band Return Loss(@ Rx) 10 dB min
Attenuation @ 1920 - 1980 MHz 50.0 dB min
@ 2490 - 2550 MHz -
@ 2300 - 2360 MHz -
Max. Transmit Power 3w
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